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Curve-fitting procedure 
The curve-fitting routine was implemented using Microsoft Office Excel 2002 
SP3 on a PC. The ‘Solver’ add-in option was used to minimize the chi-squared S value as 
discussed  below.  For  best  results,  the  solver  option  was  set  as:  Max  time:  100  sec; 
Iterations:  100;  Precision:  0.0000000000001;  Tolerance:  1%;  Convergence: 
0.0000000000001;  Estimates:  Quadratic;  Derivatives:  Central.  For  solving  the  mass 
balance, the ‘assume non-negative’ option was also used. The curve-fitting procedure 
was written separately for each experiment: (i) dimerisation of the receptors, (ii) self-
association of guanosine 3, (iii) benchmark against previously published data and (iv) 
binding  between  the  receptors  and  guanosine  taking  into  account  the  multiple 
equilibrium.  Error limits expressed in the resulting association constants represent the 
standard deviation from propagated fitting errors as described in the main  text.
1, 2 The 
spreadsheets  are  shown  below  and  also  made  available  at 
http://go.warwick.ac.uk/marshgroup. 
 
1. Dimerisation of 1 and 2.  
The NMR titration data was fitted to the dimer model. The three diagnostic 
1H-
NMR signals H-6, NH-1 and NH-2 were used for curve fitting simultaneously. For the 
Saunder-Hynes dimer model,
3 a quadratic solution for [H] (eq. 9) was used. Given the 
equilibrium: 
 
H        +        H 
K  H  H 
H  H  
and an initial concentration of the receptor [H]0, the following relationship between [H] 
and [H]0 can be derived: 







=           (6) 
Mass balance:       0 [ ] 2[ ] [ ] H HH H = +         (7) 
Substitute (7) in (6), rearrange: 
2
0 2 [ ] [ ] [ ] 0 HH K H H H +   =       (8) 
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Quadratic solution:     








  ± +
=       (9) 
Using the ‘limiting chemical shift’ of the monomer δH and dimer δHH, the mole ratio of 
the monomer χH can be used to calculate the predicted chemical shift δcal for each signal 
at each concentration:     (1 ) cal H HH           = +         (10) 
Curve fitting was done by varying KHH, δH and δHH to minimize the sum of chi squared 







S    
=
=             (11) 
 
2. Self-association of guanosine 3. 
As described in the main text, the NMR titration data was fitted to the ‘dimer of 
dimers’ model. The three diagnostic 
1H-NMR signals N3-H, H-8 and NH2 were used for 
curve-fitting simultaneously. 
3  +  3






Mass balance:    
[3]0 = [3] + 2[3•3] + 4[3•3•3•3]        (3) 
Chemical shift:   
 cal =  3 3 +  3•3 3•3 +  3•3•3•3 3•3•3•3      (4) 
The curve-fitting routine starts by using an approximate value of K3·3 and K3·3·3·3 
to  generate  a  virtual  equilibrium  using  an  input  concentration  [3]0.  The Excel  solver 
function was then used to find the free guanosine concentration [3] that satisfies the mass 
balance [equation (3)] at each data point. Using an estimate value for limiting chemical 
shifts  of  free  guanosine  δ3,  guanosine  dimer  δ3·3  and  guanosine  tetramer  δ  3·3·3·3,  the 
calculated chemical shifts δcal for N3-H, H-8 and NH2 were found from equation (4). All 
the limiting chemical shifts were then varied to minimize the S value (eq. 11) for each 
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pair  of  input  K3·3  and  K3·3·3·3.  These  variables  were  then  manually  iterated  and  the 
minimisation procedure was repeated to find the best fit which gave the smallest S value. 
3. Benchmarking of Excel spreadsheets using Roelens et al. data.
4 
In order to validate the new Excel curve fitting procedure, a test set of data was 
selected from the literature that posed similar challenges to the data analyzed in our work 
in  order  to  provide  a  benchmark.    In  developing  a  tripodal  receptor  for  glycosides 
Roelens et al. observed self-association of the receptor, which when included in their 
subsequent analysis of guest glycoside binding using the HypNMR2004 package gave 
good fits of data to calculated titration curves.  We thus took their NMR titration data 
from their supporting information
4 and re-analysed it using our own Excel spreadsheet, 
obtaining firstly a receptor dimerisation constant Kdim of 56 M
-1 (c.f. Roelens et al. 54 ±1 
M
-1) and then equilibrium constants K1 (= 660 M
-1 (c.f. Roelens’ β11 = 663 M-1)  and K2 
=  65  000  M
-1  (c.f    Roelens’  β21  =  65  614  M
-1)    for  binding  of  α-Gal  to  Roelens’ 
dimerised receptor 1a. With this data, alongside our own results we consider the use of 
Excel Solver function valid in this type of spreadsheet curve fitting routine. 
 
4. Binding between the receptors and guanosine taking into account the multiple 
equilibrium. 
The multiple equilibria considered are shown in Figure 12 and 13. Unfortunately, 
due to signal overlaps, the only diagnostic signal from NMR titration experiment was 
NH
b  on  the  receptor.  The  dimerisation  constants  for  the  hosts  K1·1  and  K2·2  and  the 
corresponding  limiting  chemical  shifts  were  taken  from  NMR  dilution  experiment  as 
described above. The self-association constants for guanosine K3·3 and K3·3·3·3 were taken 
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from  NMR  dilution  experiment  as  described  above.  The  curve  fitting  procedure  was 
carried out by first estimating the two association constants K2•3 and K2•3•3 as inputs. The 
mass balance was solved by non-linear least squares curve fitting, varying [2] and [3]. 
We then calculated δcal from the input δH, δHG and δHGG and these were varied in another 
non-linear least squares fitting routine to give the best possible fit for this pair of KHG and 
KHGG. The KHG and KHGG values were then iterated manually and the pair that gave the 
best fit (with reasonable values for δH, δHG and δHGG) was chosen.  
Preliminary Isothermal Titration Calorimetry measurements. 
 
Equilibrium constants, enthalpies and entropies of binding of 3 to 2 in chloroform 
were  determined  using  isothermal  titration  calorimetry  (MCS-ITC,  Microcal  LLC, 
Northampton, MA, USA) at 298 K. A solution of 3 (19.4 mM) in chloroform was titrated 
in 10 µL aliquots into solvent (control) or a solution of 2 (1 mM) made up using the same 
batch  of  chloroform.  A  solution  of  dialkyne  2  (10.5  mM)  was  likewise  diluted  into 
chloroform (Figure S1.1) revealing an association constant for dimerisation of 90 M
-1, 
somewhat  different  with  that  obtained  from  NMR  dilution  (K2•2  as  340±7  M
-1  in 
deuterochloroform).  Binding constants and enthalpies of binding were obtained by curve 
fitting of the titration data using the one-site binding model available in the Origin 2.9 
software. 
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Figure S1.1: Dilution of dialkyne 2 (10.5 mM) into chloroform monitored by ITC. K2•2 = 
89.9 M
-1, ΔG
o = -11.2 kJ/mol, ΔH
o = -40 kJ/mol, TΔS
o = -28.8 kJ/mol. 
 
Isothermal titration calorimetry (ITC)
 was also carried out for the 2•3•3 system 
(Figures  S1.2  and  S1.3).  During  data  analysis  the  data  for  the  dilution  of  3  into 
chloroform  (carried  out  to  account  for  guanosine  self-association;  Figure  S1.2)  was 
subtracted  from  the  data  for  the  titration  of  3  into  2.  Subsequent  curve  fitting  was 
performed assuming completely independent binding of 3 to the two binding sites of 2; 
i.e. using an effective concentration of binding sites of 2 mM. The following results were 
obtained: 





o = -24.3 kJ/mol 
ΔH
o = -18.6 kJ/mol 
TΔS
o = 5.7 kJ/mol 
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Figure S1.2: Titration of 29.4 mM 3 into chloroform at 298 K. 
 
Comparing these values with K1 and K2 obtained from the NMR titrations requires 




and K2,ITC = 9.0 × 10
3
 M
-1. These values are approximately 6 times higher than those 
obtained by NMR. This discrepancy might be caused by the fact that subtracting the 
dilution  experiment  data,  while  common  practice,  is  not  strictly  correct.  During  the 
dilution experiment a much higher concentration of unbound 3 is reached towards the end 
of the titration than during the binding experiment, where about half of the total amount 
of 3 that is added ends up in the complex with 2. Moreover, subtracting the dilution data 
is not a correct way of filtering out a competing equilibrium and is more properly treated 
by simultaneous curve fitting, as for the NMR titration. This is apparent from a simple 
thought experiment: suppose the enthalpy change associated with the self-association of 3 
Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009  8 
were zero; in this case the subtraction would not change anything, but that certainly does 
not mean that the competitive association of 3 does not take place.  The ITC data analysis 
also ignores the self-association of receptor, although at a concentration of 1 mM only 
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Figure S1.3: Titration of 29.4 mM 3 into a solution of 2 (1mM) in chloroform at 298 K. 
The molar ratio refers to the number of moles of 3 per number of binding sites. 
 
The differing results probably stem from the exclusion of self-association in the 
ITC curve fitting itself. Thus, a correct description of all equilibria is crucial for the 
determination of stepwise association constants. It has been reported that the association 
constants from ITC are usually less than those obtained by spectroscopic techniques.
5 
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Example spreadsheets following minimisation 
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Dimerisation of 2 
 
Data Table
[U]/M H-6 N-H1 N-H2
3.66E-02 8.1936 7.6728 5.9796
1.89E-02 8.2067 7.5091 5.9187
1.21E-02 8.2174 7.3184 5.8692
7.64E-03 8.2281 7.1791 5.8196
5.96E-03 8.2343 7.0367 5.7794
5.48E-03 8.2375 7.0185 5.7719
5.34E-03 8.2369 7.0141 5.7713
3.19E-03 8.2544 6.8008 5.7104
2.37E-03 8.2582 6.6026 5.6690
1.37E-03 8.2720 6.3300 5.6107  
 
Results
[U]/M [R] [R2] XR H-6 H-6 Cal Chi square N-H(1) N-H(1) Cal Chi square N-H(2) N-H(2) Cal Chi square
3.66E-02 6.64E-03 1.50E-02 0.18 8.1936 8.1969 1.08E-05 7.6728 7.6760 1.04E-05 5.9796 5.9639 2.46E-04
1.89E-02 4.59E-03 7.17E-03 0.24 8.2067 8.2077 9.11E-07 7.5091 7.4933 2.48E-04 5.9187 5.9133 2.91E-05
1.21E-02 3.55E-03 4.28E-03 0.29 8.2174 8.2165 7.65E-07 7.3184 7.3429 6.02E-04 5.8692 5.8716 5.93E-06
7.64E-03 2.70E-03 2.47E-03 0.35 8.2281 8.2271 1.02E-06 7.1791 7.1639 2.32E-04 5.8196 5.8220 5.88E-06
5.96E-03 2.32E-03 1.82E-03 0.39 8.2343 8.2333 9.35E-07 7.0367 7.0580 4.54E-04 5.7794 5.7927 1.77E-04
5.48E-03 2.20E-03 1.64E-03 0.40 8.2375 8.2355 3.88E-06 7.0185 7.0207 4.98E-06 5.7719 5.7824 1.10E-04
5.34E-03 2.16E-03 1.59E-03 0.40 8.2369 8.2362 4.46E-07 7.0141 7.0088 2.77E-05 5.7713 5.7791 6.04E-05
3.19E-03 1.55E-03 8.19E-04 0.49 8.2544 8.2506 1.43E-05 6.8008 6.7650 1.28E-03 5.7104 5.7115 1.24E-06
2.37E-03 1.27E-03 5.49E-04 0.54 8.2582 8.2594 1.42E-06 6.6026 6.6162 1.85E-04 5.6690 5.6703 1.66E-06
1.37E-03 8.64E-04 2.54E-04 0.63 8.2720 8.2758 1.48E-05 6.3300 6.3372 5.16E-05 5.6107 5.5930 3.14E-04
sum H-6 4.93E-05 sum N-H(1) 3.10E-03 sum N-H(2) 9.50E-04
Kdim 340 Sum chi square 4.10E-03
R signals
H-6 N-H(1) N-H(2)
R 8.3410 5.2322 5.2869
R2 8.1649 8.2174 6.1139  
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Figure S2.2: Fraction of receptor 2 in dimer 2•2 over the dilution interval.
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 Dimerisation of 1. 
 
Data table
[U]/M H-6 N-H(1) N-H(2)
3.64E-02 8.1339 7.7461 5.9010
2.16E-02 8.1477 7.5165 5.8276
1.50E-02 8.1577 7.3547 5.7875
1.14E-02 8.1646 7.2330 5.7555
9.46E-03 8.1702 7.1175 5.7373
7.98E-03 8.1746 7.0272 5.7229
6.83E-03 8.1790 6.9531 5.7103
7.40E-03 8.1778 6.9726 5.7147
4.69E-03 8.1891 6.7279 5.6758
3.46E-03 8.1960 6.5698 5.6532
2.22E-03 8.2047 6.3289 5.6445
1.65E-03 8.2098 6.2806 5.6419  
 
Results
[U]/M [R] [R2] XR H-6 H-6 Cal Chi square N-H(1) N-H(1) Cal Chi square N-H(2) N-H(2) Cal Chi square
3.64E-02 1.21E-02 1.21E-02 0.33 8.1339 8.1368 8.29E-06 7.7461 7.7592 1.71E-04 5.9010 5.8607 1.63E-03
2.16E-02 8.80E-03 6.42E-03 0.41 8.1477 8.1483 3.62E-07 7.5165 7.5286 1.45E-04 5.8276 5.8220 3.12E-05
1.50E-02 6.95E-03 4.01E-03 0.46 8.1577 8.1573 1.62E-07 7.3547 7.3485 3.86E-05 5.7875 5.7918 1.88E-05
1.14E-02 5.82E-03 2.81E-03 0.51 8.1646 8.1642 1.40E-07 7.2330 7.2098 5.37E-04 5.7555 5.7686 1.71E-04
9.46E-03 5.12E-03 2.17E-03 0.54 8.1702 8.1692 9.74E-07 7.1175 7.1100 5.64E-05 5.7373 5.7519 2.12E-04
7.98E-03 4.55E-03 1.72E-03 0.57 8.1746 8.1737 7.32E-07 7.0272 7.0193 6.25E-05 5.7229 5.7367 1.89E-04
6.83E-03 4.07E-03 1.38E-03 0.60 8.1790 8.1779 1.19E-06 6.9531 6.9359 2.95E-04 5.7103 5.7227 1.53E-04
7.40E-03 4.31E-03 1.54E-03 0.58 8.1778 8.1757 4.22E-06 6.9726 6.9792 4.41E-05 5.7147 5.7299 2.32E-04
4.69E-03 3.10E-03 7.96E-04 0.66 8.1891 8.1879 1.54E-06 6.7279 6.7368 7.88E-05 5.6758 5.6893 1.82E-04
3.46E-03 2.45E-03 5.00E-04 0.71 8.1960 8.1957 1.22E-07 6.5698 6.5808 1.22E-04 5.6532 5.6632 9.92E-05
2.22E-03 1.73E-03 2.47E-04 0.78 8.2047 8.2061 1.83E-06 6.3289 6.3726 1.91E-03 5.6445 5.6283 2.64E-04
1.65E-03 1.34E-03 1.50E-04 0.82 8.2098 8.2123 6.35E-06 6.2806 6.2472 1.12E-03 5.6419 5.6072 1.20E-03
sum H-6 2.59E-05 sum N-H(1) 4.58E-03 sum N-H(2) 4.38E-03
Kdim 83 Sum chi square 8.99E-03
R signals
H-6 N-H(1) N-H(2)
R 8.2407 5.6782 5.5119
R2 8.0850 8.7959 6.0344  
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Figure S2.2: Fraction of receptor 1 in dimer 1•1 over the dilution interval.
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    Self-association of guanosine 3 using dimer/tetramer model 
Data table
[G]0 N3-H H-8 NH2
0.003589 12.08 7.80 5.94
0.004115 12.07 7.80 5.95
0.004560 12.06 7.79 5.97
0.005796 12.05 7.78 5.99
0.007347 12.04 7.78 6.02
0.009892 12.02 7.77 6.03
0.011559 12.02 7.77 6.08
0.014004 12.01 7.77 6.08
0.016704 12.01 7.77 6.10
0.023162 12.00 7.76 6.15
0.030315 11.99 7.76 6.18
0.034420 11.99 7.76 6.19
0.048133 12.00 7.76 6.24
0.060400 12.00 7.76 6.25  
Results
[G]
0 G GG G4 G+GG+G4 Mass bal  N3-H
ex  N3-H
cal Chi square1    8 obs    8 cal Chi square2    2 obs     2cal Chi square3
3.59E-03 1.61E-03 9.61E-04 1.39E-05 3.59E-03 8.81E-19 12.0764 12.0774 1.08E-06 7.8021 7.8000 4.53E-06 5.9382 5.9381 2.56E-09
4.12E-03 1.76E-03 1.14E-03 1.95E-05 4.12E-03 9.27E-19 12.0700 12.0686 2.07E-06 7.7957 7.7957 3.77E-12 5.9500 5.9532 1.03E-05
4.56E-03 1.87E-03 1.29E-03 2.51E-05 4.56E-03 2.47E-19 12.0612 12.0621 8.92E-07 7.7926 7.7926 5.97E-12 5.9650 5.9645 2.70E-07
5.80E-03 2.16E-03 1.73E-03 4.48E-05 5.80E-03 6.31E-19 12.0474 12.0480 3.73E-07 7.7838 7.7858 3.80E-06 5.9933 5.9908 6.22E-06
7.35E-03 2.48E-03 2.28E-03 7.78E-05 7.35E-03 7.88E-19 12.0355 12.0354 5.42E-09 7.7769 7.7796 7.27E-06 6.0246 6.0168 6.05E-05
9.89E-03 2.93E-03 3.18E-03 1.51E-04 9.89E-03 4.66E-19 12.0236 12.0218 3.08E-06 7.7744 7.7729 2.39E-06 6.0347 6.0496 2.23E-04
1.16E-02 3.19E-03 3.76E-03 2.12E-04 1.16E-02 1.15E-18 12.0166 12.0158 6.40E-07 7.7681 7.7698 2.88E-06 6.0798 6.0670 1.65E-04
1.40E-02 3.53E-03 4.60E-03 3.18E-04 1.40E-02 5.07E-19 12.0097 12.0094 7.85E-08 7.7681 7.7665 2.55E-06 6.0836 6.0885 2.40E-05
1.67E-02 3.86E-03 5.51E-03 4.56E-04 1.67E-02 1.16E-18 12.0054 12.0046 6.00E-07 7.7650 7.7639 1.11E-06 6.1024 6.1085 3.73E-05
2.32E-02 4.53E-03 7.59E-03 8.64E-04 2.32E-02 3.97E-18 11.9966 11.9985 3.51E-06 7.7606 7.7604 3.40E-08 6.1520 6.1462 3.38E-05
3.03E-02 5.13E-03 9.74E-03 1.42E-03 3.03E-02 7.27E-18 11.9947 11.9960 1.74E-06 7.7587 7.7587 1.38E-09 6.1777 6.1777 1.59E-09
3.44E-02 5.43E-03 1.09E-02 1.79E-03 3.44E-02 3.60E-18 11.9947 11.9956 8.75E-07 7.7587 7.7582 2.71E-07 6.1909 6.1926 2.86E-06
4.81E-02 6.27E-03 1.46E-02 3.18E-03 4.81E-02 7.05E-18 11.9972 11.9968 1.75E-07 7.7581 7.7579 5.43E-08 6.2367 6.2320 2.23E-05
6.04E-02 6.88E-03 1.75E-02 4.61E-03 6.04E-02 1.03E-17 12.0003 11.9991 1.39E-06 7.7574 7.7584 9.19E-07 6.2549 6.2583 1.18E-05
sum 3.89E-17 sum 1.65E-05 2.58E-05 5.97E-04
Chi square 1+2+3 6.3958E-04
Parameters N3-H H-8 NH2
KGG 370 +/- 72  G 12.3124 7.9119 5.5960
KG4 15 +/- 1  GG 11.8795 7.7061 6.2058
 G4 12.1096 7.8004 6.6053  
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0.11 < pG(G)   < 0.45    
0.53 < pG(G•G)  < 0.66  where numerator = 2×[G•G] 
0.015 < pG(G•G)2   < 0.31  where numerator = 4×[G2•G2] 
 
Figure S2.3: Fraction of guanosine, 3 as dimer 3•3 and tetramer (3•3)2 over the dilution interval.
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2] X1a CH2N CH2N Cal Chi square 1 NH1 NH1 Cal Chi square 2 NH2 NH2 Cal Chi square 3
1.70E-04 1.67E-04 1.56E-06 0.98 4.3140 4.3139 1.01E-08 3.7543 3.7559 2.63E-06 4.0084 4.0091 5.42E-07
3.40E-04 3.28E-04 6.02E-06 0.96 4.3118 4.3115 1.18E-07 3.7687 3.7692 2.33E-07 4.0229 4.0230 2.03E-08
5.80E-04 5.47E-04 1.67E-05 0.94 4.3085 4.3083 5.12E-08 3.7874 3.7865 8.90E-07 4.0425 4.0412 1.80E-06
8.30E-04 7.65E-04 3.27E-05 0.92 4.3054 4.3052 2.47E-08 3.8031 3.8029 3.72E-08 4.0590 4.0584 3.47E-07
1.13E-03 1.01E-03 5.77E-05 0.90 4.3023 4.3019 1.38E-07 3.8199 3.8209 9.92E-07 4.0767 4.0773 3.32E-07
1.46E-03 1.28E-03 9.14E-05 0.87 4.2981 4.2986 2.75E-07 3.8408 3.8388 3.88E-06 4.0975 4.0961 2.00E-06
1.88E-03 1.60E-03 1.42E-04 0.85 4.2949 4.2948 2.90E-09 3.8599 3.8593 3.17E-07 4.1182 4.1176 3.70E-07
2.43E-03 1.99E-03 2.21E-04 0.82 4.2902 4.2905 8.01E-08 3.8829 3.8830 1.39E-08 4.1414 4.1424 1.05E-06
3.13E-03 2.45E-03 3.38E-04 0.78 4.2849 4.2857 6.08E-07 3.9113 3.9091 4.89E-06 4.1711 4.1698 1.77E-06
3.83E-03 2.89E-03 4.69E-04 0.76 4.2825 4.2815 9.50E-07 3.9296 3.9316 4.15E-06 4.1909 4.1934 6.33E-06
4.66E-03 3.38E-03 6.40E-04 0.73 4.2770 4.2772 6.11E-08 3.9572 3.9549 5.49E-06 4.2189 4.2178 1.28E-06
5.33E-03 3.75E-03 7.89E-04 0.70 4.2734 4.2742 6.40E-07 3.9712 3.9714 3.80E-08 4.2341 4.2351 1.03E-06
6.10E-03 4.16E-03 9.70E-04 0.68 4.2694 4.2711 2.76E-06 3.9859 3.9884 6.45E-06 4.2509 4.2530 4.36E-06
6.98E-03 4.60E-03 1.19E-03 0.66 - - 0.00E+00 4.0080 4.0058 4.79E-06 - - 0.00E+00
7.88E-03 5.04E-03 1.42E-03 0.64 4.2653 4.2649 1.33E-07 4.0201 4.0217 2.49E-06 4.2877 4.2878 2.20E-08
8.91E-03 5.51E-03 1.70E-03 0.62 4.2633 4.2619 1.83E-06 4.0335 4.0379 1.94E-05 4.3011 4.3049 1.42E-05
9.93E-03 5.96E-03 1.99E-03 0.60 4.2593 4.2593 5.62E-11 4.0527 4.0523 1.53E-07 4.3216 4.3200 2.65E-06
1.09E-02 6.36E-03 2.27E-03 0.58 4.2573 4.2570 8.64E-08 4.0652 4.0647 2.31E-07 4.3343 4.3330 1.72E-06
1.19E-02 6.77E-03 2.57E-03 0.57 4.2549 4.2549 2.20E-09 4.0791 4.0764 7.27E-06 4.3479 4.3452 7.07E-06
sum CH2N 7.7705E-06 sum NH1 6.4371E-05 sum NH2 4.6904E-05
Kdim 56 Sum Chi square 1.1905E-04
CH2N NH1 NH2
1a shift 4.3165 3.7417 3.9942
1a 2 shift 4.1735 4.5179 4.8083  
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Binding between 1a and α-Gal  Results 
 
[U]/M [a-Gal] 0 [1a] [1a 2] [Gal] [Gal-1a] [Gal-1a 2] 1a balance diff 1a Gal bal diff a-Gal
0.00E+00 9.60E-04 0.00E+00 0.00E+00 9.60E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.60E-04 0.00E+00
5.45E-04 9.60E-04 3.44E-04 6.61E-06 7.78E-04 1.76E-04 5.97E-06 5.45E-04 3.63E-20 9.60E-04 2.03E-21
7.02E-04 9.60E-04 4.45E-04 1.11E-05 7.35E-04 2.16E-04 9.46E-06 7.02E-04 5.40E-20 9.60E-04 9.03E-22
9.03E-04 9.60E-04 5.76E-04 1.86E-05 6.85E-04 2.60E-04 1.48E-05 9.03E-04 7.14E-20 9.60E-04 5.43E-22
1.17E-03 9.60E-04 7.51E-04 3.15E-05 6.27E-04 3.10E-04 2.29E-05 1.17E-03 4.01E-20 9.60E-04 9.92E-21
1.51E-03 9.60E-04 9.73E-04 5.30E-05 5.64E-04 3.62E-04 3.47E-05 1.51E-03 5.30E-20 9.60E-04 8.68E-21
1.84E-03 9.60E-04 1.19E-03 7.89E-05 5.12E-04 4.01E-04 4.69E-05 1.84E-03 4.73E-20 9.60E-04 1.25E-20
2.24E-03 9.60E-04 1.44E-03 1.17E-04 4.60E-04 4.38E-04 6.23E-05 2.24E-03 4.39E-20 9.60E-04 1.40E-20
2.72E-03 9.60E-04 1.75E-03 1.71E-04 4.08E-04 4.71E-04 8.09E-05 2.72E-03 3.90E-20 9.60E-04 1.51E-20
3.31E-03 9.60E-04 2.11E-03 2.49E-04 3.58E-04 4.98E-04 1.03E-04 3.31E-03 3.38E-20 9.60E-04 1.58E-20
4.03E-03 9.60E-04 2.53E-03 3.59E-04 3.11E-04 5.20E-04 1.30E-04 4.03E-03 2.94E-20 9.60E-04 1.66E-20
4.90E-03 9.60E-04 3.02E-03 5.12E-04 2.67E-04 5.34E-04 1.59E-04 4.90E-03 2.65E-20 9.60E-04 1.83E-20
5.96E-03 9.60E-04 3.59E-03 7.22E-04 2.28E-04 5.41E-04 1.91E-04 5.96E-03 2.52E-20 9.60E-04 2.20E-20
6.82E-03 9.60E-04 4.03E-03 9.09E-04 2.04E-04 5.41E-04 2.15E-04 6.82E-03 2.51E-20 9.60E-04 2.62E-20
7.80E-03 9.60E-04 4.51E-03 1.14E-03 1.81E-04 5.39E-04 2.39E-04 7.80E-03 2.48E-20 9.60E-04 3.12E-20
8.93E-03 9.60E-04 5.03E-03 1.42E-03 1.61E-04 5.34E-04 2.65E-04 8.93E-03 2.32E-20 9.60E-04 3.62E-20
9.83E-03 9.60E-04 5.43E-03 1.65E-03 1.48E-04 5.29E-04 2.83E-04 9.83E-03 2.07E-20 9.60E-04 3.85E-20
1.08E-02 9.60E-04 5.85E-03 1.91E-03 1.36E-04 5.23E-04 3.01E-04 1.08E-02 1.68E-20 9.60E-04 3.90E-20
1.19E-02 9.60E-04 6.30E-03 2.22E-03 1.24E-04 5.16E-04 3.20E-04 1.19E-02 1.17E-20 9.60E-04 3.75E-20
1.31E-02 9.60E-04 6.77E-03 2.57E-03 1.14E-04 5.08E-04 3.39E-04 1.31E-02 6.51E-21 9.60E-04 3.43E-20
sum 6.29E-19 sum 3.79E-19
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[U]/M OHa OHa Cal Chi square OHb OHb Cal Chi square OHc OHc Cal Chi square OHd OHd Cal Chi square
0.00E+00 1.9061 1.9073 1.369E-06 2.2277 2.2364 7.54E-05 2.5548 2.5572 5.81E-06 2.8273 2.8345 5.20E-05
5.45E-04 1.9818 1.9800 3.201E-06 2.8356 2.8264 8.46E-05 2.6038 2.6018 4.10E-06 3.1492 3.1441 2.57E-05
7.02E-04 2.0031 2.0016 2.37E-06 2.9732 2.9660 5.22E-05 2.6172 2.6157 2.28E-06 3.2208 3.2164 1.91E-05
9.03E-04 2.0302 2.0292 1.025E-06 3.1331 3.1280 2.57E-05 2.6347 2.6339 6.95E-07 3.3030 3.2998 1.02E-05
1.17E-03 2.0663 2.0656 4.358E-07 - - 0.00E+00 2.6588 2.6583 2.18E-07 3.3978 3.3966 1.47E-06
1.51E-03 2.1103 2.1112 7.239E-07 3.5184 3.5242 3.31E-05 - - 0.00E+00 3.4983 3.5005 4.67E-06
1.84E-03 2.1523 2.1539 2.668E-06 - - 0.00E+00 2.7191 2.7193 3.94E-08 3.5804 3.5844 1.60E-05
2.24E-03 2.2017 2.2036 3.588E-06 3.8585 3.8653 4.59E-05 2.7532 2.7544 1.38E-06 3.6778 3.6685 8.66E-05
2.72E-03 2.2583 2.2598 2.143E-06 4.0270 4.0347 5.86E-05 2.7933 2.7946 1.59E-06 3.7452 3.7497 2.02E-05
3.31E-03 2.3215 2.3237 4.73E-06 - - 0.00E+00 2.8403 2.8408 2.57E-07 3.8235 3.8277 1.76E-05
4.03E-03 2.3928 2.3945 2.734E-06 - - 0.00E+00 2.8919 2.8925 4.18E-07 3.8965 3.8998 1.08E-05
4.90E-03 2.4693 2.4706 1.626E-06 - - 0.00E+00 2.9489 2.9487 4.83E-08 3.9619 3.9640 4.22E-06
5.96E-03 2.5518 2.5516 4.598E-08 4.6422 4.6399 5.20E-06 3.0099 3.0089 1.07E-06 - - 0.00E+00
6.82E-03 2.6226 2.6095 0.0001726 4.7292 4.7239 2.85E-05 3.0522 3.0521 1.12E-08 4.0546 4.0537 7.54E-07
7.80E-03 - - 0 4.8038 4.8009 8.45E-06 3.0958 3.0962 1.98E-07 4.0841 4.0834 4.83E-07
8.93E-03 - - 0 4.8744 4.8720 5.79E-06 3.1417 3.1415 3.83E-08 4.1110 4.1095 2.17E-06
9.83E-03 - - 0 4.9201 4.9186 2.22E-06 3.1742 3.1739 7.89E-08 4.1271 4.1259 1.47E-06
1.08E-02 2.8099 2.8137 1.412E-05 4.9604 4.9613 8.45E-07 3.2060 3.2058 3.94E-08 - - 0.00E+00
1.19E-02 2.8551 2.8571 3.909E-06 4.9994 5.0024 8.90E-06 3.2382 3.2387 2.26E-07 - - 0.00E+00
1.31E-02 2.8994 2.8999 2.551E-07 5.0371 5.0402 9.88E-06 3.2714 3.2712 6.03E-08 - - 0.00E+00
sum 2.18E-04 sum 4.45E-04 sum 1.86E-05 sum 2.73E-04   
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[U]/M CHe CHe Cal Chi square CHf CHf Cal Chi square CHg CHg Cal Chi square CHh CHh Cal Chi square
0.00E+00 3.4630 3.4627 7.44E-08 3.7315 3.7312 1.07E-07 3.8213 3.8186 7.26E-06 3.7720 3.7730 1.01E-06
5.45E-04 3.4389 3.4393 1.53E-07 3.7085 3.7088 1.15E-07 3.5436 3.5470 1.17E-05 3.7220 3.7222 2.92E-08
7.02E-04 3.4334 3.4336 3.15E-08 3.7031 3.7033 4.38E-08 3.4790 3.4823 1.11E-05 3.7107 3.7102 2.49E-07
9.03E-04 3.4266 3.4268 5.87E-08 3.6966 3.6967 1.99E-08 3.4051 3.4070 3.42E-06 - - 0.00E+00
1.17E-03 3.4187 3.4188 8.72E-09 3.6887 3.6888 1.33E-08 3.3182 3.3182 4.06E-10 3.6803 3.6801 2.33E-08
1.51E-03 3.4102 3.4098 1.46E-07 3.6800 3.6799 1.74E-08 3.2235 3.2212 5.29E-06 3.6634 3.6626 5.91E-07
1.84E-03 3.4025 3.4022 6.38E-08 3.6725 3.6722 7.60E-08 3.1441 3.1411 8.88E-06 3.6492 3.6483 7.29E-07
2.24E-03 3.3945 3.3943 3.82E-08 - - 0.00E+00 3.0622 3.0590 1.03E-05 3.6345 3.6339 3.79E-07
2.72E-03 3.3863 3.3862 9.69E-09 3.6559 3.6557 4.66E-08 2.9790 2.9774 2.64E-06 3.6201 3.6197 1.29E-07
3.31E-03 3.3780 3.3779 1.14E-08 - - 0.00E+00 2.8972 2.8962 9.93E-07 3.6061 3.6059 2.60E-08
4.03E-03 3.3696 3.3696 1.31E-11 3.6381 3.6380 8.79E-09 2.8171 2.8179 6.32E-07 3.5926 3.5929 1.05E-07
4.90E-03 3.3614 3.3615 1.43E-08 3.6291 3.6292 5.09E-09 2.7417 2.7445 8.00E-06 3.5804 3.5811 4.27E-07
5.96E-03 3.3534 3.3537 8.84E-08 3.6203 3.6205 2.31E-08 - - 0.00E+00 3.5692 3.5704 1.35E-06
6.82E-03 3.3484 3.3485 1.24E-08 3.6146 3.6146 4.56E-10 - - 0.00E+00 3.5627 3.5637 1.08E-06
7.80E-03 3.3434 3.3435 1.63E-08 3.6088 3.6089 3.75E-09 2.5896 2.5923 7.05E-06 3.5568 3.5577 8.64E-07
8.93E-03 3.3387 3.3387 1.58E-12 3.6032 3.6033 2.99E-09 2.5518 2.5542 5.87E-06 3.5518 3.5523 2.11E-07
9.83E-03 3.3353 3.3354 9.86E-09 3.5993 3.5994 6.15E-09 2.5271 2.5289 3.32E-06 3.5485 3.5487 4.72E-08
1.08E-02 3.3323 3.3323 1.27E-09 3.5957 3.5957 1.07E-09 2.5056 2.5055 2.22E-08 3.5458 3.5455 8.52E-08
1.19E-02 3.3294 3.3291 6.82E-08 3.5921 3.5919 2.66E-08 2.4843 2.4826 2.93E-06 3.5432 3.5425 5.49E-07
1.31E-02 3.3262 3.3261 2.68E-09 3.5883 3.5883 1.53E-09 2.4647 2.4612 1.21E-05 3.5412 3.5397 2.30E-06
sum 8.09E-07 sum 5.19E-07 sum 1.02E-04 sum 1.02E-05   
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[U]/M CHi CHi Cal Chi square CHl CHl Cal Chi square CHm CHm Cal Chi square CHn CHn Cal Chi square
0.00E+00 - - 0.00E+00 3.8669 3.8666 1.15E-07 3.9676 3.9649 7.03E-06 4.0986 4.0994 7.16E-07
5.45E-04 3.7717 3.7725 7.18E-07 3.8791 3.8789 4.97E-08 3.9408 3.9411 9.90E-08 4.087 4.0870 2.94E-13
7.02E-04 3.759 3.7596 3.26E-07 3.8817 3.8815 4.92E-08 3.9346 3.9353 4.41E-07 4.0838 4.0836 2.33E-08
9.03E-04 3.7444 3.7445 9.22E-09 3.8843 3.8843 1.17E-10 3.9273 3.9283 1.09E-06 4.0798 4.0795 8.37E-08
1.17E-03 3.7272 3.7268 1.43E-07 3.8868 3.8873 2.87E-07 3.9182 3.9200 3.38E-06 4.0746 4.0743 1.02E-07
1.51E-03 3.7086 3.7076 1.01E-06 3.8891 3.8902 1.20E-06 3.9089 3.9107 3.32E-06 4.0687 4.0680 4.29E-07
1.84E-03 3.6933 3.6918 2.18E-06 - - 0.00E+00 - - 0.00E+00 4.0629 4.0624 2.31E-07
2.24E-03 - - 0.00E+00 - - 0.00E+00 - - 0.00E+00 4.0565 4.0561 1.45E-07
2.72E-03 - - 0.00E+00 - - 0.00E+00 - - 0.00E+00 4.0493 4.0492 4.38E-09
3.31E-03 - - 0.00E+00 - - 0.00E+00 - - 0.00E+00 4.0415 4.0416 2.19E-08
4.03E-03 - - 0.00E+00 - - 0.00E+00 - - 0.00E+00 4.0331 4.0335 1.55E-07
4.90E-03 3.6153 3.6156 7.27E-08 3.8944 3.8936 7.12E-07 3.8622 3.8594 7.84E-06 4.0242 4.0250 5.70E-07
5.96E-03 3.6024 3.6029 2.88E-07 3.8921 3.8917 1.56E-07 3.8526 3.8508 3.07E-06 4.0162 4.0161 1.48E-08
6.82E-03 3.5941 3.5950 7.69E-07 3.8903 3.8900 6.84E-08 3.8464 3.8451 1.60E-06 4.0092 4.0098 4.18E-07
7.80E-03 3.5869 3.5877 5.67E-07 3.8883 3.8881 4.22E-08 3.84 3.8396 1.52E-07 4.0029 4.0036 4.71E-07
8.93E-03 3.5803 3.5809 3.27E-07 3.8859 3.8859 3.04E-10 3.8343 3.8342 5.43E-09 3.9967 3.9973 3.16E-07
9.83E-03 3.5761 3.5764 9.89E-08 3.8840 3.8842 3.18E-08 3.8303 3.8305 5.02E-08 3.9926 3.9928 3.43E-08
1.08E-02 3.5724 3.5723 6.33E-09 3.8823 3.8824 1.31E-08 3.8261 3.8270 8.00E-07 3.9885 3.9884 6.60E-09
1.19E-02 3.5691 3.5684 5.27E-07 3.8802 3.8805 9.79E-08 3.8225 3.8235 9.23E-07 3.9846 3.9840 4.20E-07
1.31E-02 3.5659 3.5647 1.38E-06 3.8783 3.8786 6.68E-08 3.8189 3.8201 1.36E-06 3.9806 3.9796 1.06E-06
sum 8.42E-06 sum 2.89E-06 sum 3.12E-05 sum 5.22E-06   
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[U]/M CH1 CH1 Cal Chi square CH2N CH2N Cal Chi square NH1 NH1 Cal Chi square NH2 NH2 Cal Chi square
0.00E+00 4.9599 4.9586 1.64E-06 - - 0.00E+00 - - 0.00E+00 - - 0.00E+00
5.45E-04 4.8427 4.8442 2.22E-06 4.2726 4.2724 3.96E-08 4.196 4.1961 8.16E-09 4.1873 4.1874 6.40E-09
7.02E-04 4.8158 4.8169 1.24E-06 4.2724 4.2723 6.51E-09 4.1913 4.1904 8.92E-07 4.1913 4.1915 3.50E-08
9.03E-04 4.7843 4.7851 6.73E-07 4.2723 4.2722 2.23E-08 4.1838 4.1837 2.98E-09 4.1965 4.1967 5.91E-08
1.17E-03 4.7474 4.7477 7.90E-08 4.2717 4.2718 1.69E-08 4.1758 4.1761 1.16E-07 4.2039 4.2037 4.54E-08
1.51E-03 4.7075 4.7067 6.09E-07 4.2712 4.2713 8.11E-09 4.1679 4.1682 8.32E-08 4.2127 4.2124 8.63E-08
1.84E-03 4.6741 4.6729 1.47E-06 4.2705 4.2707 2.47E-08 4.1620 4.1621 4.20E-09 4.2211 4.2207 1.73E-07
2.24E-03 4.6393 4.6382 1.29E-06 4.2700 4.2698 4.54E-08 4.1561 4.1564 8.44E-08 4.2307 4.2304 7.77E-08
2.72E-03 4.6042 4.6036 3.19E-07 4.2683 4.2686 1.19E-07 4.1512 4.1516 1.68E-07 4.2419 4.2416 7.33E-08
3.31E-03 4.5697 4.5693 1.97E-07 4.2669 4.2672 6.74E-08 4.1480 4.1480 1.40E-09 4.2546 4.2547 4.17E-09
4.03E-03 4.5362 4.5361 2.18E-08 - - 0.00E+00 4.1463 4.1461 2.59E-08 - - 0.00E+00
4.90E-03 4.5043 4.5049 3.63E-07 4.2630 4.2631 9.35E-09 4.1464 4.1463 2.22E-08 4.2853 4.2859 3.52E-07
5.96E-03 4.4748 4.4759 1.24E-06 4.2603 4.2605 4.58E-08 4.1484 4.1486 3.05E-08 4.3033 4.3039 3.86E-07
6.82E-03 4.4563 4.4574 1.15E-06 4.2586 4.2585 4.22E-09 4.1513 4.1515 4.36E-08 4.3165 4.3172 4.43E-07
7.80E-03 4.4395 4.4401 3.41E-07 4.2564 4.2564 2.11E-10 4.1548 4.1555 5.01E-07 4.3298 4.3310 1.34E-06
8.93E-03 4.4238 4.4238 2.42E-09 4.2543 4.2541 2.48E-08 4.1609 4.1606 9.73E-08 4.3447 4.3454 4.59E-07
9.83E-03 4.4134 4.4130 1.32E-07 4.2526 4.2525 2.04E-08 4.1645 4.1648 9.18E-08 4.3559 4.3559 2.22E-10
1.08E-02 4.4042 4.4030 1.45E-06 4.2509 4.2508 2.12E-08 4.1695 4.1694 1.09E-08 4.3670 4.3664 4.01E-07
1.19E-02 - - 0.00E+00 4.2491 4.2490 2.15E-08 4.1749 4.1746 1.04E-07 4.3782 4.3773 7.60E-07
1.31E-02 - - 0.00E+00 4.2474 4.2471 7.27E-08 4.1815 4.1801 1.89E-06 4.3901 4.3883 3.20E-06
sum 1.44E-05 sum 5.70E-07 sum 4.18E-06 sum 7.90E-06   
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Binding between receptor 2, H and guanosine 3, G 
 
Results
[H] 0 [G] 0 H G HH GG G4 HG HGG H balance diff H G balance diff G NH-b obs NH-bcal Chi square
1.10E-02 0.00E+00 3.36E-03 0.00E+00 3.84E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.10E-02 2.02E-17 0.00E+00 0.00E+00 7.2141 7.2504 0.00132
9.70E-03 1.29E-03 2.88E-03 4.79E-05 2.82E-03 8.49E-07 1.08E-11 1.12E-03 6.26E-05 9.70E-03 5.21E-17 1.29E-03 3.56E-15 7.2869 7.2493 0.00141
9.04E-03 2.76E-03 2.48E-03 1.06E-04 2.09E-03 4.12E-06 2.55E-10 2.12E-03 2.62E-04 9.04E-03 5.39E-16 2.76E-03 4.62E-15 7.3634 7.3299 0.00112
8.58E-03 4.51E-03 2.05E-03 1.82E-04 1.43E-03 1.22E-05 2.24E-09 3.02E-03 6.42E-04 8.58E-03 9.09E-16 4.51E-03 3.62E-15 7.4852 7.5022 0.00029
8.13E-03 6.29E-03 1.60E-03 2.78E-04 8.75E-04 2.85E-05 1.22E-08 3.61E-03 1.17E-03 8.13E-03 2.75E-15 6.29E-03 3.42E-15 7.6953 7.7570 0.00381
7.82E-03 7.55E-03 1.27E-03 3.68E-04 5.52E-04 5.02E-05 3.78E-08 3.80E-03 1.64E-03 7.82E-03 1.99E-15 7.55E-03 1.98E-15 8.0140 7.9955 0.00034
8.15E-03 8.96E-03 1.11E-03 4.53E-04 4.17E-04 7.58E-05 8.62E-08 4.06E-03 2.15E-03 8.15E-03 2.72E-15 8.96E-03 1.70E-15 8.2236 8.1973 0.00069
7.21E-03 1.02E-02 6.19E-04 6.96E-04 1.30E-04 1.79E-04 4.81E-07 3.49E-03 2.84E-03 7.21E-03 4.15E-15 1.02E-02 1.36E-15 8.6834 8.6481 0.00125
6.73E-03 1.13E-02 3.70E-04 9.77E-04 4.64E-05 3.53E-04 1.87E-06 2.92E-03 3.34E-03 6.73E-03 3.95E-15 1.13E-02 4.59E-16 8.9450 8.9900 0.00203
6.44E-03 1.23E-02 2.40E-04 1.27E-03 1.97E-05 5.99E-04 5.37E-06 2.48E-03 3.69E-03 6.44E-03 5.46E-16 1.23E-02 9.08E-17 9.1954 9.2294 0.00115
6.05E-03 1.38E-02 1.42E-04 1.71E-03 6.82E-06 1.08E-03 1.76E-05 1.96E-03 3.93E-03 6.05E-03 7.76E-18 1.38E-02 1.15E-16 9.4745 9.4655 0.00008
5.85E-03 1.43E-02 1.17E-04 1.89E-03 4.63E-06 1.32E-03 2.61E-05 1.78E-03 3.94E-03 5.85E-03 2.84E-18 1.43E-02 5.95E-20 9.5699 9.5354 0.00119
5.52E-03 1.52E-02 8.72E-05 2.17E-03 2.58E-06 1.74E-03 4.57E-05 1.53E-03 3.89E-03 5.52E-03 1.04E-16 1.52E-02 3.80E-17 9.6421 9.6287 0.00018
5.40E-03 1.56E-02 7.79E-05 2.29E-03 2.06E-06 1.94E-03 5.64E-05 1.45E-03 3.87E-03 5.40E-03 1.40E-16 1.56E-02 1.72E-17 9.6822 9.6619 0.00041
5.18E-03 1.59E-02 6.83E-05 2.41E-03 1.59E-06 2.16E-03 6.97E-05 1.34E-03 3.77E-03 5.18E-03 1.19E-16 1.59E-02 5.60E-18 9.7017 9.6940 0.00006
4.87E-03 1.76E-02 4.97E-05 2.80E-03 8.40E-07 2.90E-03 1.26E-04 1.13E-03 3.69E-03 4.87E-03 3.42E-17 1.76E-02 1.76E-17 9.7349 9.7780 0.00185
sum 1.8037E-14 sum 2.0999E-14
combined mass bal 3.9036E-14
Binding parameter







Receptor fixed G fixed
K HH 340 K GG 370
 
HH 8.2174 KG4 15  
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0.10 < p3 (3•2•3) < 0.60 
 
Figure S2.4: Fraction of guanosine 3 as complex 3•2•3.  The unusual maximum at [3] = 0.012 M arises because the overall concentration of the 
complex falls since the absolute concentration of receptor 2 diminishes over the titration interval.  Fraction of 2 in complex, or ‘probability of 
binding’ for receptor 2 is derived from Weber’s equation as described by Wilcox, 1991.
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Binding between receptor 1, H and guanosine 3, G 
Results
[H] 0 [G] 0 H G HH GG G4 HG HGG H balance diff H G balance diff G NH-bobs NH-b cal Chi square
1.13E-02 0.00E+00 5.76E-03 0.00E+00 2.76E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.13E-02 2.82E-20 0.00E+00 0.00E+00 7.1094 7.1325 0.00053
1.04E-02 6.87E-04 5.25E-03 2.08E-05 2.29E-03 1.60E-07 3.84E-13 5.65E-04 5.01E-05 1.04E-02 9.30E-15 6.87E-04 6.31E-14 7.1533 7.1489 0.00002
9.75E-03 1.84E-03 4.65E-03 5.15E-05 1.79E-03 9.83E-07 1.45E-11 1.24E-03 2.73E-04 9.75E-03 1.38E-14 1.84E-03 5.24E-14 7.2311 7.2328 0.00000
9.15E-03 2.98E-03 4.08E-03 8.11E-05 1.38E-03 2.43E-06 8.87E-11 1.71E-03 5.91E-04 9.15E-03 1.72E-14 2.98E-03 4.29E-14 7.4161 7.3458 0.00494
8.72E-03 4.30E-03 3.52E-03 1.15E-04 1.03E-03 4.93E-06 3.65E-10 2.11E-03 1.04E-03 8.72E-03 2.06E-14 4.30E-03 2.83E-14 7.5065 7.5110 0.00002
8.45E-03 5.27E-03 3.12E-03 1.43E-04 8.10E-04 7.52E-06 8.48E-10 2.31E-03 1.40E-03 8.45E-03 2.06E-14 5.27E-03 2.00E-14 7.6006 7.6504 0.00248
7.84E-03 7.27E-03 2.25E-03 2.14E-04 4.19E-04 1.69E-05 4.30E-09 2.49E-03 2.27E-03 7.84E-03 2.58E-14 7.27E-03 6.69E-15 7.9613 8.0046 0.00188
7.85E-03 7.65E-03 2.14E-03 2.27E-04 3.80E-04 1.91E-05 5.46E-09 2.52E-03 2.43E-03 7.85E-03 2.82E-14 7.65E-03 6.33E-15 8.0987 8.0656 0.00110
6.71E-03 9.48E-03 1.01E-03 3.93E-04 8.55E-05 5.71E-05 4.89E-08 2.07E-03 3.46E-03 6.71E-03 5.04E-14 9.48E-03 3.61E-15 8.6458 8.6217 0.00058
6.13E-03 1.06E-02 4.72E-04 6.26E-04 1.85E-05 1.45E-04 3.16E-07 1.53E-03 4.09E-03 6.13E-03 3.34E-14 1.06E-02 1.08E-15 8.9833 8.9957 0.00015
5.78E-03 1.17E-02 2.21E-04 9.56E-04 4.06E-06 3.38E-04 1.71E-06 1.09E-03 4.46E-03 5.78E-03 2.52E-16 1.17E-02 2.76E-15 9.2180 9.2179 0.00000
5.46E-03 1.28E-02 1.07E-04 1.39E-03 9.50E-07 7.18E-04 7.72E-06 7.72E-04 4.58E-03 5.46E-03 1.74E-15 1.28E-02 1.66E-14 9.3441 9.3432 0.00000
5.02E-03 1.44E-02 5.17E-05 1.97E-03 2.22E-07 1.44E-03 3.12E-05 5.28E-04 4.44E-03 5.02E-03 7.43E-15 1.44E-02 1.80E-15 9.4187 9.4184 0.00000
4.62E-03 1.56E-02 3.32E-05 2.39E-03 9.15E-08 2.11E-03 6.67E-05 4.11E-04 4.18E-03 4.62E-03 6.30E-17 1.56E-02 3.05E-16 9.4507 9.4476 0.00001
4.21E-03 1.79E-02 2.05E-05 2.93E-03 3.50E-08 3.17E-03 1.50E-04 3.11E-04 3.88E-03 4.21E-03 2.90E-17 1.79E-02 2.67E-18 9.4708 9.4724 0.00000
sum 2.2882E-13 sum 2.4592E-13
combined mass bal 4.7474E-13
Binding parameter







Receptor fixed G fixed
K HH 83 K GG 370
 
HH 8.7959 KG4 15  
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 0.14 < p3(3•1•3) < 0.77 
 
Figure S2.5: Probability of binding of guanosine 3 in forming termolecular complex 3•1•3.  The unusual maximum at [3] = 0.011 M arises since 
the concentration of the complex decreases because the absolute concentration of receptor 1 (triangles) diminishes over the titration interval. 
                                                 
1   C. S. Wilcox, in Frontiers in Supramolecular Organic Chemistry and Photochemistry, eds. H.-J. Schneider, H. Durr and J.-M. 
Lehn,VCH, Weinheim, 1991, p. 133. 
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